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Optical dipole transitions

Crystal eigenstates:
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Interaction with light field:
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Matrix element of momentum operator
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Optical dipole matrix element
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Kinetics of optical interband transitions
Two-band model: A = ¢, v

Hy = —£(t) Yr dAINKY QK =Y Hix  Hix = —E(t)(dey [ck)(vk| + df, |vk){ck])
k,{A\#XN }={c,v} k
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Single particle density matrix for the state k: o = ) par,a(k, £)|Xk) (K|
A7,
pr (t) = exp (%Hot) Pk (t) exp <—ﬁ7'(0?5)
Equation of motion for the density matrix:
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Equations of motion for density matrix elements

Pev (k,t) = (ck|p" (t)|vk)
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Two important limiting cases of the noninteracting system:
coherent optical interband transitions;
quasi-equilibrium electron-hole plasma
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Coherent regime

Electromagnetic field: £(t) = 70(6“‘”5 ) il S e S ek

Interband equation:
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Define Bloch vector: Coherent optical Bloch equations:
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Optical Bloch equations with relaxation
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Photon echo intensity: [e™27/72]? =
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Free carrier absorption in quasi-equilibrium regime

Thermal equilibrium distribution for electrons:
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Optical susceptibility:
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Absorption spectrum

Optical susceptibility for free carriers:
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Absorption spectrum:
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Absorption coefficient

Density of states for dimensionality D:
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Absorption coefficient for free carriers:
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Negative optical absorption
Band filling factor:
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Absorption/gain spectra for D-dimensional semiconductors:
(carrier density grows from top to bottom)
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